. This species is an example of tasty and nutritious food, and has been used as such; it is also widely used in private treatment (Park & Im, 2001; Park et al., 2004 Park et al., , 2017 Lim et al., 2017) . The skin of the Far Eastern catfish is covered with mucus. It is difficult to handle the fish out of the water because the skin of the catfish is slick (Suzuki et al., 2003) .
Anesthesia is commonly used in fisheries for both experimental and practical purposes. It is used primarily to immobilize animals to facilitate the handling process, to save time, and to avoid stressing the animals (Summerfelt & Smith, 1990; Gil et al., 2016; Park et al., 2017) . Among its principal uses, anesthesia facilitates the following operations: weighing and measuring; marking and tagging; studying fish physiology and behavior; performing surgery; collecting fish in tidal pools and with scuba; photography; preparing fish for live shipment and transport; manually spawning; injecting vaccines and antibiotics; and collecting blood and other tissues (Park et al., 2011; Gil et al., 2016) . Anesthesia can decrease the stress levels in fish subjected to blood sampling, immobilization, handling, the injection of vaccines and antibacterial substances, medical treatment for diseases, artificial spawning, transport, and sorting (Park et al., 2011 .
Considerations of toxicity (safety to users and to fish), efficacy, price, the regulations for use, and the purpose of using anesthesia influence the choice of an ideal anesthetic. This ideal anesthetic should have the following characteristics: (1) anesthesia time within 3 min and recovery time within 5 min; (2) non-toxicity to the fish; (3) ease of use and non-toxicity to the user; (4) absence of effects on the physiology and the movement of the experimental fish; (5) excretion of the anesthetic from the body so that no withdrawal period is required; (6) absence of accumulation effects from repeated administration of anesthesia and absence of side effects; and (7) cost-effectiveness (Park et al., 2003; Gil et al., 2016; Park et al., 2017) . Traditionally, chemicals (e.g., urethane, ether and chloroform) were used to anesthetize fish. However, these substances are now restricted because they all contain carcinogens (Hasler & Meyer, 1942) .
Currently, tricaine methanesulfonate (MS-222) is widely used to anesthetize fish, including food fish. However, it is considered mildly toxic as an edible anesthetic according to the US Food and Drug Administration (FDA), which requires that fish treated with MS-222 undergo an obligatory 21-day withdrawal period (Summerfelt & Smith, 1990; Park et al., 2017) . The active ingredient of clove oil is eugenol (4-allyl-2-methoxyphenol). It is generally used as an analgesic and disinfectant in dentistry and as an additive in perfumes . It is an inexpensive, safe anesthetic and has been used as a substitute for such traditionally employed compounds as MS-222 (Seol et al., 2007; Gil et al., 2016) . Moreover, clove oil has been evaluated as safe, inexpensive, non-toxic in the environment, and requiring no withdrawal period compared with other anesthetic chemicals Gil et al., 2016) . Listed by the US Food and Drug Administration (1978) , it has been experimented in fish at different stage including fry to adult fish. It is an excellent sedative anesthetic for long period transportation (Park et al., 2018) .
Clove oil has been studied as an anesthetic toward a number of species (Endo et al., 1972; Hikasa et al., 1986; Soto & Burhanuddin, 1995; Keene et al., 1998; Waterstrat, 1999; Chanseau et al., 2002; Coyle et al., 2005; Waterstrat, 2005; Seol et al., 2007) . The aim of this study was to determine the optimum concentrations of anesthetic clove oil and anesthetic MS-222 toward Far Eastern catfish. We also investigated the dependence of the anesthetic effects on the size of the fish.
The production of Far Eastern catfish, Silurus asotus was executed according to the methods of Kim et al. (2001) and Seol et al. (2008) . Mature females were induced to spawn using a single intraperitoneal (IP) injection of human chorionic gonadotropin (hCG, Sigma, USA) administered at 1,000 IU per kg of body weight (kg/BW).
Sperm was obtained by incising surgically removed testes that had also been given an IP injection of hCG at 500 IU kg/BW. The eggs were fertilized with sperm diluted in saline using the wet method Seol et al., 2008) . The eggs were left to fertilize for 5 min, after which they were rapidly rinsed to remove excess sperm. The size of catfish used in anesthesia were sourced from 1-year-old hatchlings with an average body mass of 302.1±15.22 g (mean±SD) and a standard length of 31.5±4.19 cm (mean± SD) (large-sized) (Fig. 1A) . The size of catfish used in anesthesia were sourced from 2-month-old hatchlings with an average body mass of 50.1±5.91 g (mean±SD) and a standard length of 15.5±1.58 cm (mean±SD) (small-sized) (Fig. 1B) .
The anesthetic experiment began on June 29th, 2018 and ended on August 12th, 2018. We randomly selected 20 specimens from each group, which includes different anesthetic and concentration respectively. The experimental fish were adapted to a 400-L glass tube. The temperature of the water in the tube was controlled so that it was consistent in the temperature of the water in the anesthetic and recovery phases of the experiment. All the fish were fasted for 24 hrs before the study. For the anesthetic experiment, one specimen was randomly selected from the breeding tube with a net. Anesthesia was administered in a 50-L plastic rectangular parallelepiped tube under the control of an aeration system. When the fish were anesthetized in an anesthetic tube, they were immediately moved to the recovery tube. The anesthesia levels and recovery times of the fish were measured by the second using a stopwatch.
The anesthetic effects of clove oil (Sigma, USA, clove oil containing 85% eugenol) and of USA) were investigated at the five concentrations of 200, 300, 400, 500, and 600 ppm. The stock solution of clove oil was dissolved in 95% methanol (Sigma, USA) at a ratio of 1:10. The decision-based table for the anesthetic effect (Table 1) was constructed in agreement with the table in Park et al. (2011) . The anesthesia time was measured starting from the time when the fish were placed in the anesthetized water to the time at which the stage A6 state was attained. In this stage, the fish were perfectly sedated, with minimum opercular movements. The recovery time was measured starting from the time when the fish were placed in the recovery water to the time at which the stage R6 state was attained. In this stage, the fish again exhibited normal swimming and responsiveness to visual stimulation (Table 1) .
One-and two-way analysis of variance (ANOVA) was used to test the significance (p<0.05) of the effects on the sizes of the experimental fish and the concentrations of both clove oil and MS-222. The differences between the groups were analyzed by ANOVA using the SPSS statistics package (SPSS 9.0, SPSS Inc., Chicago, IL, USA). Multiple comparisons were performed using a Duncan's multi- ple-range test (Ducan, 1955) .
During the anesthetic experiments with clove oil and MS-222, no Far Eastern catfish, Silurus asotus died due to the stress associated with anesthesia. Table 2 the recovery time was greater for the large fish (p<0.05).
As the concentration of clove oil and MS-222 increased, the recovery time decreased in the large-sized fish (p<0.05). As the concentration of clove oil increased, the recovery time decreased in the small fish as well (p<0.05).
In contrast, the recovery time of these small fish increased as the concentration of MS-222 increased as well (p<0.05).
To define the concentrations that met the efficacy criteria for anesthesia within 3 min, recovery in 10 min and no mortality during the experiment (Gilderhus & Marking, 1987; Son et al., 2001; Park et al., 2003; Gil et al., 2016 , we assessed a range of clove oil concentrations from 200 to 600 ppm and a range of MS-222 concentrations from 300 to 600 ppm. We decided that the optimum (Woody et al., 2002; Park et al., 2003; Kim et al., 2005; Park et al., 2008 Park et al., , 2009 Park et al., , 2011 At each MS-222 concentration, the ratio of the recovery time to the anesthesia time for the large fish was higher than that for the small fish (p<0.05). The difference in this ratio between the large fish and the small fish at each concentration of MS-222 showed an opposite trend of difference in this ratio between the large fish and the small fish We found that the small-sized Far Eastern catfish was more sensitive to variations in the concentration of clove oil and MS-222. In addition, the recovery time of smallsized fish is much shorter than that of large-sized fish. Our study shows that the small-sized fish were more easily anesthetized and recovered more rapidly from anesthesia than the large-sized fish. Sockeye salmon resembled Far
Eastern catfish in that they showed a significant positive exponential curve in relating the anesthesia time of clove oil to the fish length, and in marine medaka the relationship between the anesthesia time of clove oil and the fish length was similar to that found in Far Eastern catfish (Woody et al., 2002; Park et al., 2011) . While our results
show that both the anesthesia time and the recovery time increased as the concentration of anesthetics increases, in sockeye salmon only the anesthesia time increased as the clove oil concentration increased. In addition, the lengths of the sockeye salmon used in this study ranged from 400-550 mm. Therefore, they were all adult fish. Woody et al. (2002) investigated the relationship between the anesthetic concentrations and the lengths of adult fish. We simply referred to the larval fish as the small-size group and the adult fish as the large-size group. In addition to testing the differences in anesthetic effects between larval fish and adult fish, we also investigated the anesthetic effects on different growth stages. This kind of experiment had not been conducted in the previous studies.
Our study showed that clove oil and MS-222 are effective at anesthetizing Far Eastern catfish. We also presented the relationship between the anesthetic effect and the size of the Far Eastern catfish. Clove oil and MS-222 meet the requirement of ideal anesthesia (sedative) for Far Eastern catfish in that they offer the anesthesia time within 3 min, they offer a recovery time within 5 min, and both anesthetics are cost-effective, efficient, safe and non-toxic to the fish and the user (Park et al., 2003 Gil et al., 2016) .
The results from this study could be useful to aquaculturists and for other purposes that require the sedation of the fish.
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